Background: The treatment of acute hepatitis C (AHC) with direct-acting antiviral agents (DAAs) is considered a cornerstone of hepatitis C virus (HCV) elimination strategies, especially in human immunodeficiency virus (HIV)-infected individuals at high risk of onward transmission. Objective: Optimal treatment regimens and duration for AHC in HIV-coinfected patients remain to be established. Thus, we aimed to evaluate the efficacy and safety of DAA treatment regimens in the setting of AHC. Methods: All HIV-positive patients with a diagnosis of AHC according to the European AIDS Treatment Network (NEAT) consensus attending our clinic after 2014 were included. DAA treatment regimens and duration were based on current recommendations for chronic hepatitis C (CHC) at treatment initiation. Results: Thirty-eight HIV/AHC patients (median age 42.0 years), mostly men who have sex with men (92%), were started on interferon-free regimens. HCV-genotype (GT) was predominately GT-1a (65%). The following DAA regimens were prescribed: ombitasvir/paritaprevir/ritonavir/dasabuvir (42%; 16/38), glecaprevir/pibrentasvir (29%; 11/38), sofosbuvir/ledipasvir (13%; 5/38), ombitasvir/paritaprevir/ritonavir (5%; 2/38), grazoprevir/elbasvir (5%; 2/38) and sofosbuvir/velpatasvir (5%; 2/38). All HIV/AHC patients achieved sustained virologic response 12 weeks after end of treatment (SVR12) (100%; 38/38). DAA-related adverse events were rare. Conclusion: Interferon-free DAA regimens (including 34% pan-genotypic regimens) yielded 100% SVR12 in HIV/AHC individuals if treatment durations similar to CHC are applied. 
Introduction
Due to shared routes of transmission, people infected with HIV are also at increasing risk for coinfection with HCV. 1 While acute hepatitis C (AHC) might spontaneously clear in men who have sex with men (MSM) with high-risk sexual practices and in persons who inject drugs (PWIDs) in 15-40% of cases, the majority of affected patients will develop chronic hepatitis C (CHC). 2 Coinfection with HCV in HIV patients is typically associated with faster progression of liver fibrosis 3 and a higher risk for cirrhosis, hepatocellular carcinoma and liver-related mortality. 4, 5 Thus, according to current European Association for the Study of the Liver (EASL) recommendations for the treatment of hepatitis C, 6 IFN-free HCV treatment with directacting antiviral agents (DAAs) should be considered without delay in patients with liver fibrosis (!F2) as well as in individuals at risk of transmitting HCV (i.e. MSM or PWIDs). Several studies reported high efficacy for IFN-free HCV regimens in HIV-infected patients, including sofosbuvir (SOF) plus ribavirin (RBV), SOF plus daclatasvir (DCV), SOF plus ledipasvir (LDV), ritonavir-boosted ombitasvir plus paritaprevir (2D) AE dasabuvir (3D), grazoprevir (GZV) plus elbasvir (EBV), SOF plus velpatasvir (VEL) or glecaprevir (G) plus pibrentasvir (P). [7] [8] [9] [10] However, existing data on IFN-free regimens for the treatment of AHC within the first six months of infection in the setting of HIV-coinfection is restricted to mostly SOF-based combinations, and studies included only a limited number of patients. 11 Two studies investigating SOF/RBV for six (DARE-II) and 12 (SWIFT-C cohort I) weeks reported suboptimal SVR12 in 32% and 59% of HIV/AHC coinfected patients, respectively. 12, 13 Interestingly, in a small cohort of HIV-positive MSM with recent HCV infection (duration of infection <12 months), the combination of SOF/RBV achieved SVR12 in 92% (11/12) . 14 However, overall, only 56% (27/48) of HIV-infected individuals with acute or recent HCV infection were successfully treated using SOF/ RBV. These results are in contrast to the high efficacy of SOF/LDV in AHC monoinfected patients who achieved 100% SVR12 after a short treatment duration of six weeks. 15 A similar study conducted by Rockstroh et al. enrolled 26 HIV/AHC coinfected patients receiving SOF/LDV for six weeks and reported SVR12 rates of only 77% (20/26) . 16 A longer treatment duration of eight weeks with SOF/LDV was investigated in 27 HIV/AHC coinfected individuals by Naggie et al.
(SWIFT-C cohort II) and resulted in an SVR12 rate of 100% (27/27) . 17 Another study reported comparable SVR12 results (97%; 29/30) following eight weeks of treatment with 3D AE RBV in HIV-positive patients with recent HCV infection. 18 Nevertheless, the optimal duration and outcome of IFN-free therapy in HIV/AHC remain unclear, since all conducted studies had heterogeneous inclusion criteria and suffered from small sample size. 19 Notably, previous data suggested that even a short duration of HCV infection might induce significant liver fibrosis and substantial liver damage in HIV-positive MSM, 20 underlining the urge to initiate treatment early. Moreover, since HIV-positive MSM are at significant risk to transmit HCV, 21 early initiation of highly efficient IFN-free DAA regimens might be particularly beneficial in this patient group ('prevention of transmission').
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The primary aim of this study was to evaluate the efficacy of different IFN-and RBV-free DAA regimens for AHC in HIV-positive subjects, given for similar durations as for CHC. Furthermore, we investigated the side effects of therapy and the course of liver stiffness before and after HCV treatment.
Patients and methods

Study design and population
All HIV-positive patients with a diagnosis of AHC in accordance with the European AIDS Treatment Network (NEAT) consensus conference 22 attending our clinic at the Medical University of Vienna between January 2015 and January 2018 were included in this study. Patients with spontaneous clearance of AHC or chronification of HCV due to delayed treatment initiation or ongoing chemotherapy were not considered for this analysis. Regimens, dosage and duration of treatment for AHC were chosen in accordance with the current recommendations for CHC at the time of treatment initiation. 23 However, local restrictions limited reimbursement of IFN-free therapy to patients with significant fibrosis or advanced liver disease until March 2017 for HCV genotype (GT) 1 and GT-4, and until October 2017 for GT-2 and GT-3. Patients eligible for reimbursement had to receive the most favorably priced regimens of those currently available.
Diagnosis of AHC: the NEAT consensus conference 22
In accordance with the case definition criteria, AHC was defined as the first six months following HCV exposure. The diagnosis of AHC was established by one of the following criteria:
Preferred criteria (Grade A, Level II) . 
Assessed parameters
All parameters regarding patient characteristics were collected from the respective medical history. We used the VERSANT Õ HCV Genotype 2.0 Assay Line Probe Assay (LiPA) (Siemens Healthcare Diagnostics, Tarrytown, NY, USA) and the Abbott RealTime HCV assay (Abbott Molecular, Des Plaines, IL, USA) for HCV GT determination and HCV RNA quantification, respectively. The used assay is capable of quantifying HCV RNA to a lower limit of 12 IU/mL. The Fibrosis-4 (FIB-4) 24 score was calculated as age
Liver stiffness
Transient elastography was used to measure liver stiffness with the Fibroscan Õ (Echosens, Paris, France), as described elsewhere. 25 If suggested by the device, an XL-probe was used instead of M-probe. The following liver stiffness cut-offs were used for staging liver fibrosis (F): <7.1 kPa for F0/F1; !7.1 kPa and <9.5 kPa for !F2; !9.5 kPa and <12.5 kPa for !F3; and !12.5 kPa for !F4. 25 Liver stiffness values !9.5 kPa denoted advanced liver fibrosis.
Study endpoints
Efficacy endpoints comprised SVR12. In addition, changes in liver stiffness and transaminases were assessed.
Adverse events (AEs) and serious adverse events (SAEs)
AEs were assessed and graded in accordance with the ' Table for Grading the Severity of Adult and Pediatric Adverse Events' provided by the US Department of Health and Human Services. 26 The occurrence of one or more of the following events during treatment was considered as SAE: (1) if a patient died; (2) considerable risk of dying defining a life-threatening event; (3) any hospitalization; (4) persistent damage or a disability; (5) pregnancy during treatment with drug-associated congenital anomaly; or (6) other serious events requiring medical treatment but not leading to hospitalization. 27 
Alcohol intake
Patients were asked for alcohol consumption and advised to remain abstinent from alcohol during treatment. Based on interviews performed at the treatment visits, we are confident that the vast majority of patients remained abstinent from alcohol during the study period.
Statistical analysis
IBM SPSS Statistics 24 (SPSS Inc., USA) and GraphPad Prism 7.03 (GraphPad Software Inc., La Jolla, CA 92037, USA) were both used for statistical analyses. Parametrically and non-parametrically variables were analyzed by calculating the mean AE standard deviation and median (interquartile range), respectively. All nominal parameters were referred to as count of patients with/without (fraction of individuals with/without) the specific characteristic (including 95% confidence interval (CI)). Normality testing was carried out using the D'Agostino and Pearson normality test. Grouped parametric variables were compared using the independent sample t-test, while we used the MannWhitney U test for non-parametric variables. Differences in nominal parameters were calculated using the chi-squared test or Fisher's exact test. For comparing paired measurements, the paired-samples t-test/Wilcoxon signed rank test or McNemar test were applied for continuous and categorical variables, respectively. For all analyses, a P-value of 0.05 determined statistical significance.
Results
Patient characteristics
In total, 62 HIV-positive subjects had at least one visit within the first six months after recent exposure to HCV at our clinic between 2015 and 2018, and were classified as AHC infection applying the 'NEAT criteria' (A, B and C in 16, 31 and 13 individuals, respectively). Seven patients experienced spontaneous HCV clearance, leaving 55 candidates for IFN-free DAA-based therapy. DAA treatment was not reimbursed by patient insurance in 16 AHC cases due to restrictions set by healthcare providers. Additionally, one patient was excluded due to chemotherapy given for multiple myeloma. Finally, in 38 HIV/AHC coinfected patients, the following IFNand RBV-free DAA treatments were initiated (Figure 1) :
. SOF/VEL in n ¼ 2 (5%); and . G/P in n ¼ 11 (29%).
The selection of different regimens was determined by HCV-GT, liver fibrosis stage, as assessed by transient elastography (TE) and availability of as well as reimbursement policies for DAA regimens during the study period.
Overall, the majority of patients were male (95%; 36/38) with a median age of 42 (8.8) years. In 92% (35/38) of AHC cases, MSM high-risk practices were considered as the main risk factor for HCV transmission, while the remaining three patients reported recent intravenous (IV) drug use. Some 21% (8/38) had a history of previous HCV therapy or spontaneous clearance (Table 1) .
Prior to treatment initiation, median levels of ALT, aspartate transaminase and gamma-glutamyl transpeptidase (GGT) were elevated above the upper limit of normal in all patients, while median bilirubin levels were within the normal range.
Patients starting DAA therapy during the first study period (when reimbursement of IFN-free therapy was still dependent on fibrosis stage) had more frequent fibrosis stages !F2 (68% vs Table) .
Treatment efficacy
All HIV positive patients receiving IFN-free treatment for AHC achieved SVR12 (100%; 38/38; 95% CI 89-100%; Figure 2 (a)); thus, no patient was lost to follow-up (0%; 0/38). Median ALT levels decreased significantly from 169 IU/L (385) to 25 IU/L (15) within four weeks after treatment initiation (p < 0.001) and remained stable at normal levels ( Figure 2(b) ). Thirty-four patients had information on bilirubin levels 12 weeks after end of treatment. Although the median levels were within normal range before and after therapy, a significant decrease from 0.56 to 0.41 mg/dL (p ¼ 0.008) was observed (Figure 2(c) ). Furthermore, the proportions of patients with a FIB-4 index of <1.45, 1.45-3.25 and >3.25 significantly changed from 58% (22/38), 29% (11/38) and 13% (5/38) at baseline to 84% (32/38), 16% (6/38) and 0% (0/38) at SVR12 (p ¼ 0.012), respectively (Figure 2(d) ).
AEs
One third of all patients (34%; 13/38) experienced AEs of grade 1 or 2 during surveillance, while no grade 3/4 AEs were observed ( Table 2 ). Fatigue was the most common AE affecting 13% (5/38) of all patients, and frequency distribution of AEs did not vary throughout different treatment regimens. However, a single SAE occurred, since a patient was hospitalized during HCV treatment due to the diagnosis of neurosyphilis to receive IV antibiotics. The SAE was considered to be treatment-unrelated. There were no treatment discontinuations due to AEs.
Antiretroviral therapy
All patients (100%; 38/38) undergoing treatment for AHC were on antiretroviral therapy (ART) with HIV-1 RNA levels below 50 copies/mL in 84% (32/ 38) of subjects. However, in seven patients (18%), a switch of ART regimen prior to AHC treatment initiation was required to avoid relevant drug-drug interactions (DDIs). One patient (3%; 1/38) had to discontinue a HIV-protease inhibitor (PI), while the other six (16%; 6/38) had to discontinue non-nucleoside reverse-transcriptase inhibitors (Table 3) . ART drug switches were necessary in one patient receiving G/P (9%; 1/11), in four patients receiving 3D (25%; 4/16), in one patient receiving 2D (50%; 1/2) and in one patient receiving SOF/VEL (50%; 1/2).
Liver stiffness
According to initial liver stiffness assessments, 47% (18/ 38) had stage F0/1 fibrosis, whereas F2, F3 and F4 fibrosis were observed in 24% (9/38), 18% (7/38) and 11% (4/38), respectively. Additionally, all patients had paired liver stiffness measurements before and after the IFN-free DAA therapy available and a decrease in median levels from 7.3 kPa (4.25) to 5.9 kPa (2.30) (p ¼ 0.003; Supplementary Figure) . However, eight patients (21%; 8/38) showed liver stiffness values corresponding to liver fibrosis !F2 at SVR12. Interestingly, four of these patients even showed increases in liver stiffness from 1.3 kPa to 3.4 kPa, while four patients had decreases from 3.6 kPa to 11.1 kPa (Supplementary Figure) . 
Discussion
A total of 38 HIV-positive patients with AHC were treated with IFN-and RBV-free DAA regimens; all 38 patients (100%) achieved SVR12. Thus, 12 weeks of SOF/LDV, 2D, 3D, GZV/EBV, SOF/VEL and eight weeks of G/P treatment seems to be highly effective for the treatment of AHC/HIV coinfection. To our knowledge, this is the first study assessing non-SOFbased IFN-and RBV-free regimens in AHC also including pan-genotypic regimens. While SOF/RBV is applicable among all HCV-GTs, DDIs with ART are rare 13 and induction of resistanceassociated variants of HCV is unlikely, 28 insufficient efficacy was reported with shortened treatment durations of SOF/RBV in the DARE-II and SWIFT-C study (cohort I) in HIV-positive patients. 12, 13 Since the reimbursement of SOF/RBV was restricted to patients with advanced liver disease, SOF/RBV was not available for AHC treatment in Austria, despite HIV-positive MSM being at high risk for transmitting HCV. 29 SOF/LDV, another highly effective SOF-based treatment regimen, was initially available in Austria in March 2015 for chronic HCV-GT1 monoinfection. 30 Within the first year after approval, indications were extended to GT-4, GT-5, GT-6 and to patients with HIV/HCV coinfection. Thus, SOF/LDV was used for 13% (5/38) of our HIV/AHC coinfected cohort for 12 weeks, as recommended for HIV/CHC. Yet, more recent data suggest that HIV-positive patients with certain characteristics, such as treatment-naı¨ve, non-cirrhotic HCV-GT1 and low baseline HCV-RNA level may be eligible for eight weeks of SOF/LDV. 31 Accordingly, a shorter treatment duration of six weeks was investigated in AHC-monoinfected patients by Deterding et al. 15 and in HIV/AHC by Rockstroh et al., 16 resulting in SVR12 rates of 100% (20/20) , but only 79% (20/26) in HIV/AHC, respectively. Of the six patients in the HIV/AHC cohort not achieving SVR12, three patients had virologic relapse within the first four weeks post treatment, while one patient was reinfected and two patients were lost to follow-up. 16 Compared with the AHC-monoinfected cohort, patients in the HIV/AHC cohort were all male (100% vs. 60%) and had lower ALT and bilirubin levels (95U/L vs. 225U/L and 0.7 mg/dL vs. 0.8 mg/dL). 15, 16 Since spontaneous virologic clearance during acute phase is more likely in women than in men, and considering the higher ALT and bilirubin levels suggestive of more recent AHC infection in the HIV-negative cohort, these covariates next to HIV status might explain the differences in SVR rates following abbreviated SOF/LDV treatment. However, patients in our HIV-coinfected cohort were also primarily male (95%) and had lower median ALT levels (169U/L) than patients in the HIVnegative study and still achieved SVR12 of 100%. A consecutive study performed by Naggie et al. 17 (SWIFT-C cohort II) provided data on the efficacy of SOF/LDV administered for eight weeks in HIV/AHC and showed a SVR12 rate of 100%. The authors concluded that eight weeks of SOF/LDV for HIV/AHC coinfection is superior when compared with the 60% historical SVR rate achieved with IFN-based regimens, while having a better safety profile. 17 In line with this finding, a series of previous studies, including HIVpositive patients with chronic HCV-GT1 and GT4 infection, reported excellent results for a treatment duration of eight weeks using SOF/LDV in patients fulfilling certain baseline criteria. [31] [32] [33] Nowadays, the vast majority of HIV/CHC can also be treated with pan-genotypic DAA regimens, such as G/P or SOF/VEL, yielding excellent SVR rates. 8, 9 Thus, G/P and SOF/VEL may also be used for HIV/AHC coinfection, and, indeed, the results of our study with SVR12 in 100% (11/11 and 2/2) of patients, respectively, suggest optimal efficacy in this setting. Large, prospective phase-3 studies on pan-genotypic DAA regimens for AHC are now recruiting and the results are expected in the upcoming years. 34 Interestingly, according to baseline TE measurements, only 47% of our patients were classified as F0/F1 fibrosis and 11% presented with values corresponding to F4 fibrosis. However, during the first study period, we had a 'biased' selection of patients with higher liver stiffness (!F2 fibrosis) since reimbursement of DAA therapy was limited to advanced fibrosis with TE values !7.1 kPa being accepted. Nonetheless, these unexpectedly high 'fibrosis stages' result from the limited capability of TE in the setting of acute hepatitis as hepatic necro-inflammation profoundly impacts on liver stiffness measurement, even if 'true' fibrosis is not present. Still, while overall liver stiffness decreased following HCV eradication, eight patients showed liver stiffness values corresponding to liver fibrosis !F2 at SVR12. 
